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ABSTRACT

The Center for Space and Advanced Technology supported a planning
exercise for the Microgravity Program management at the Marshall Space
Flight Center. The effort focused on the status of microgravity work at
MSFC and elsewhere with the objective of preparing a goal-oriented
strategic planning document which could be used for
informational/brochure purposes.

The effort entailed numerous interactions and presentations with
Field Center programmatic components and Headquarters personnel.
Appropriate material was consolidated into a draft format for a MSFC
Strategic Plan.



Summary of CSAT Activities and Events Related to the Completion of
Contract NAS 8-38669, MSFC Microgravity Strategic Plan

The following is a brief summation of the highlights of the activities
performed by the Center for Space and Advanced Technology (CSAT)
personnel during the period of performance on Contract NAS 8-38669, MSEC
Microgravity Strategic Plan, for the Spacelab Payloads Project Office(SPPO).
Frequent meetings occurred between CSAT and MSFC personnel between
July 1990, the Contract start date, and April 1991, the Contract completion
date; therefore, these meetings are not singularly noted below:

e Contract NAS 8-38669 initiated in July 1990

~ Initial effort was directed toward producing a Centerwide

Strategic Plan for Microgravity under the direction of the
SPPO.

— Kickoff meeting held between CSAT and SPPO director,
microgravity chief and COTR at MSFC, Where CSAT's
outline of proposed activities (Attachment 1) was presented
and accepted.

o Participated in bi-weekly and monthly coordination meetings
established by SPPO with Program Development and Space Sciences
Laboratory for purpose of understanding total MSFC program
activities in microgravity.

e Contract modification (Modification 1) prepared in August 1990 to
provide additional effort requiring assessment of documentation
relevant to information systems and data management needed to
transition from Shuttle/Spacelab payloads to Space Station Freedom
payloads.

— Prepared logical approach (viewgraph format) for
presentation of OSSA requirements to SSF program office.
(Attachment 2).

« Initiated interviews at NASA Headquarters and at MSFC with
cognizant Government personnel to insure compliance with the
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OSSA Strategic Plan, the MSAD Strategic Plan and the MSFC Strategic
Plan.

As part fulfillment of Modification 1, participated as a key member of
the Code S/Code M Mode Team that assessed the SSF Data
Management System. Provided critical inputs to the development of a
white pater describing OSSA information systems requirements on
the SSF.

At a meeting of 13 November 1990 between CSAT and Harry Craft, Dr.
Tandberg Hanssen and all the principals from the MSFC side, received
an action item to prepare a presentation performing a complete
management assessment including manpower and funding at MSFC
related to all Center microgravity programs, prior to proceeding with
the Strategic Plan. Presentation scheduled for December 1990.

— As a result, CSAT requested and received a no-cost

extension of its Contract to March 31, 1991.

Presentation made on 19 December 1990 to Dr. Tandberg Hanssen, Dr.
Fichtl, Dr. Snyder and Mr. Bass of SSL; Mr. Craft, Mr. Marmann, Mr.
Stone, Mr. Jex, Mr. Chassay and Mr. Bean of SPPO; and Mr. Taylor of
PD. (Attachment 3)

— Subsequently, Mr. Craft requested assistance in providing
data and analysis for a briefing to be made to Center
management. A set of charts from which Mr. Craft could
obtain supporting information for his presentation was
prepared and delivered. (Attachment 4)

Participated in several meetings with the Acting Deputy Director of
OSSA MSAD to discuss SSF restructuring and its effect on the
microgravity science program in the area of information systems.
Contract work under Mod 1 terminated as of March 31, 1991.

Draft of Strategic Plan prepared and presented to Mr. Craft and Mr.
Stone during the week of 1 Mar 1991. (Attachment 5) Due to desire



for extensive coordination review by Mr. Craft, CSAT requested and
received a second no-cost extension of the Contract to 30 April 1991.

e Subsequent to extensive review, the final version of the proposed
MSFC Microgravity Strategic Plan is hereby formally submitted as
Attachment 6 completing all deliverables required by Contract NAS 8-
38669, including the modification.



ATTACHMENT 1

Draft of MSFC Microgravity Strategic Planning Exercise

e Synopsis of OSSA Strategic Plan
-- Must adapt same or similar approaches to decisions
-- Establish a set of programmatic themes
Establish a set of decision rules
Establish a set of priorities for missions and programs
within each theme
Demonstrate that the strategy can yield a viable
program |
Check the strategy for technology readiness and for
consistency with resource constraints, such as
budget, manpower, facilities, and and launch vehicle
availability
e Synopsis of MSAD Strategic Plan
-- MSFC Strategic Plan to "take off* where MSAD Plan ends
-- Consider existing constraints, both programmatic and
funding
 Synopsis of current MSFC MSAD-funded activities
Flight Projects
-- Contracts
Ground program
- -- Grants
Science program (SSL work)

-- Director's discretionary fund projects
-- Status of above tasks
e Strengths and weaknesses of current MSFC MSAD-funded
activities
-- People
-- Technical capability
-- Scientific reputation



- Mahagement skill
-- Organization

-- Formal and informal

-- Internal to PPO

-- External interfaces within MSFC
Project Development

Procurement
S & E support
Director's Office
-- External interfaces within Agency
-- Headquarter's offices
— Code S
- Code SN
Other MSAD Centers
-- Communication channels
- Facilities
Fabrication
-~ Test
-- Ground Simulation
-- Flight carriers

e Building the Strategic Plan
-- Choose starting date
-- Select appropriate duration for Plan
—~ Project desired budget levels based on stated "objective”
analysis of what is probable in selected time frame
-- Based on strengths and weaknesses above, decide where
PPO thinks it wants to be
-- Determine what is needed to get there and price out



W

-- Review within PPO
-- Do desires, manpower and funding levels match?
-- Rework as necessary
- Begin external review
-- Do PPO desires match Center projections and
commitments? Headquarters?
-- Do PPO desires impact other Centers' objectives?

Begin process of advocacy for program
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JUNE 14 11:20 A.M. POP 90-2 SUMMARY OFTIOM 1 -~ T T
NOA GUIDELINES i

ELEMENT Y 90 FY 91 FY 82 FY 93 FY 94 FY 95 FY 96  TOTAL
FLUID PHYSICS-ccccmranonanecanceccnanconaoncsss e aeeeeeeeceeeaaaaan-
FES /VCGS 1931 965 180 3076
VES - REFL] 0
G¥FF¥C 178 475 790 385 2158 64 2107
PROTEIN CRYSTAL GROWTH---------- e B R R RS
PCG 1098 2250 2080 89 $50S
APCGF 980 1750 3480 71557 7220 6670 7725 35302
BIOTECHNOLOGY - - = osccevnceanancocccsan-ns ceeeesnececcccccsecaanacccccconane
BTF 65 100 1858 112 118 124 131 75§
PROJECT CONTAINERLESS:-cecccccccacaommmnacecccccncas cemeeeeenn ceeeeteeeae
ALF : 2000 2000
MEL 111 200 | 311
SOLIDIFICATION SYSTEMS-c-ccovonoannnnn- S AR R OR T
. ALT 2 s 2546 3900 3060 . 2567 a770 . 2530 2360 20203
CG¥ USML -1 16800 4993 518 57 0 v 24«08

UPN 694 12749 2693 248

UPN 412 4081 2300 3740 57
CG¥ USML-2 1009 1000
SS¥FF 666 1800 3600 7000 8300 6400 7000 34766
SSKF M1 200 2200 2000 800 400 500 6100
SSKF M3 0
SCIENCE-+-=-«-- ceeeeaan- ceeeenn Ceeeeieeaean f e eeecececcceesscemeaeacseenaan-
FES PI°S 715 790 579 78 2162
CG¥ PI'S 1069 1471 1509 1060 5109
OTHER P1°S 983 22 1374 822 4400
MUMG as 250 295
GLOVEBOX 160. 158 166 484
GLOVEBOX INT. 85 247 164 496
ADVANCED TECHNOLOGY DEV--cceccvonnancnn feteseeeeseaceaaeaae cececamaaemaaaaas
DATA BASE 100 100
VIT 15 3s 50
GRND OPS-412 93 300 600 650 700 735 750 3078
ADVANCED FURNACE 200
ADMINTSTRATION: ceconmcncanecens . ceeeeneaan ceecsecccavaccoecvasananns .-
PMS  (IMS) 1926 2090 2400 2520 2640 2760 2900 14336
PS 1659 2034 2791 3084 2724 2377 2500 14669
SKMIQA SUP 300 300 300 300 315 1200
-2 -3 3 & 3 &£ 23 3 3 1 £ | = _==s==-c========z=====-=-n:-ss----a:------------sa:::
TOTAL UPN 694 29078 23829 24883 27565 25087 21615 23971 154426
TOTAL UPN 412 4144 2600 970 707 700 735 750 9856
====================================———-o=:===========================8=======8

TOTAL 33222 26429 2S52S3 28272 25787 22350 24721 164232
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OF POOR QUALITY
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ATTACHMENTS

Fegyacs

The current MSFC Microaravity FProgeam evelsad fraom 1nnNcovative
thinking and planning Jore at MSTC an the late 1960°g. These
2arly visions led dirsctliy to the TELaGlishaent ot the NASA
Materials Frocessirng 1n Space Fraogram. MmSFC Stumulated the
Creaticn of this progrzm and. roe MOre Lhan a decade., was
virtually the chnly N&Se Center Lnvolved.

Responsibility for the Program 1n NS55 Heodguasrters Chiafqed
several tines as tihLi.o RFOOGPan @valved and became thes Mmogdern
NiSH Nlcraaravity Frogrim. Frogram fucus 1na early /&drs was
sStrongly toward applications, speclificallw aimed at
producing in arbit LUALlQuUe products or products SUPCrlar to
those that could be Aroduced aor Earth in a 13 ernviraonment.
AS the N&SA pPragram matured, the resecrch COMpaneznt was
strengtnened ang the Program wus bkroaderez, &.g9., to irnclude
investigations of certaln tundeeital physical phensmerna that
could be most efftectlvel y weuplorsd o o MLT20ravitCy
envirgnment.

Early Microgravity matorials Frocuesing deaonstratlon
axperimnents wers aCComplished g threc ROCLLIO MLIsS510NnS.
subsequently, mare Compler and sigrifican<® f+lignt facilities
and experiments weres £1own on tha Sky.aLb anud ASTE M1ssi0ons.,
To provide fligtit opportunitis=s during the long pericd
Cetween the completios of the ASTF umiscios ard “ha avallability
Of the Space Shuttle, MSFC pronosed and subseauently ManaqQed
the ten flight SFaR rocket program. ARlthcugh the sub-crbital
SFRR rocket tilights proveoded anl,y a Tew minutes of micrcgravity
envaranment, the prooran provided = ceriment Spportunities
for low cost and enapled the development and flignt testing
of a number o+ microgravity materials pProcessing imstruments.
With tne availabilicy af the Sgace Shuttle, there was 3
resurgence of ortital tlights.

Early flignt euperimernts indicatszd that zffects governing
processes 1n low gravity are often subtle and could @asily

be overlooked. This ied NASA to estaSlisnh an expanded

ground based progranm including research aimed at more
thorougnly Characterizing specific procaesses in an Sarth
gravity environment to Quide the course of future i1nvesti-
gations in space. In 1976 MSFC formed a Division in the
Space Science Laboratory dedicated to Microgravity research.
Thar Division, the Microgravit, Scicnce and Applications
Division, has evalved and matured as a resaarch urganization
and 1s today one of the four Divisions in MSFC g Space
Science Laboratory.
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Thae around based MLICrSdray ity Foese@lerSh progi-an ordvides tho
toundation +fgor the +l1ant prodraaa. [ adciticn =0 thwwretical
“Nd 2xperlmMental reéssia ch LAV2Utiditlons, @Hperilasnts utilizing
drap facilities and HC-1723 fligints are included in The graound
Dased program.

The NASH Microgravity Frageam Bas Snzrged from an carly

Period of generual concost studics and & fow simple: demon-
Stratlion experiansnts i1, 39ac? Lo a maturing arwa of space
science 1nvoelving & varisty of tlight research investigaticns.
Sianificant Interest 1n the current NesSa Mictroaravyity Program
241588 1n both tre scientlfic arnd the Lngustrial ruesearch

communitics. Frodram fpuiesrshlo 1S Fro o 1aded O, the: Urfice
OF Spale SClEnces and mEpl icatoorns (055m) arnd the Uttice of
Lommarcial Frogram (G 1A Merois Headguartses., im sagasition

LO M1Crogravity activitics Spot-cred By USUA amd Uk, the
Current MSFC MACrodra.4iy Srogroan bocludoes warhk urnder the
Center Director’'s Discretismary Furd Frogran, the Hlstorically
EBlack Colleges and Urniversitico Frodrae, a0id o the waall Buzinvss
[nnavative Research Froaram.

To date approiimataely thirty 1ndlvrdual mlcrcgravity scienrcific
Ravloads managed Dy MSFC hawver Goech flown o Shuttie/Spacelan
hls%10NS. These payloads have 1avolved o Spectrum O+ 1LNsStru=-—
NNt 31Zes and complesities from siaple mand hela erperlaent
SPRCratus t0 M&Jor mMicrogravlls proc=essing faciliti=s, In
Aaggition, MSFC has had a direct imvolvement in twer oy comnercial
Mlcragravity pavlioads fluown on the Shuttle.

MSIFC plaved the ploneering role in [EASK MLICroGravity research
ang flight investigations in early years of the urograoun.

MSFC should continue to play a leacing roie in future NASA
Microgravity activities., DOCh 1A the area ot cSCientifac
LNstruments ana +light experiment developmnents, as well as
Supporting initiatives of the commercial sector.



NRSA Micrearavity Srogram

e MSFC Microari Lty & Foaran amd lt: goals are znveloped
WLLHRLN the +ramewark Of the over-all NaSa Froqram. The
Loals of the NAGHA Frodram wore 3takaed 1n the gocwhent
Micragravity Stratogic Flam - 1990 as quoted belcow:

NARSA Microgravity Frogram Missign Statamant

"The missicn of the Prodram 15 O utliize the unNigue charac—
teristics of the space envirsnment, primarily the near absence
Of aravity, to edpand man s l'rowlecdge of physics, chamnistry,
materials and fluidg sClences, and birotechncliogy: to understand
the role of gravity 1n wmaterials processina; and., where
possible., to demonstrate tre feasibility of space production of
lnproved materials that have hign technological, and passible
Commercial, utility."

NASH Microgravity Frogram Goals

Goal 1. "Develop a Caomprehensive research prograin in funda-
mental sciences, waterials SClence andg biotechnoloay
for the purposs of attailning a structurea ungerstanding
of gravity dependent phvsizal prencrmena In both Earth
and nan-Earth znvironments. "

[
o]
o

1 2. "Foster tre arswth of an itnterdiscaiplinary resear-h
community. united by shared goals ang resources, to
Conduct research in the <pace anvironment. "

Goal Z. "Encauraga internaticnal CCGperation for the purpose
of conducting research in the space environment.

Goal 4. "Utilize a permanently manned, multi~facility national
microgravity laboratory 1n low—Earth arbit to provide
a long-duration, stable miCcrogravity environment."

Goal S. "Fromote industrial applications ot sSpace research for
the develaopment of new, cammercially viab!le proagu..tc,
sarvices, and markets rzsulting from research in the
space environment."
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Develop a Center of Z.c
the Uevelopment and £.p
Resource.

Goal

G
[}
L
—

MOFL MLeraarar Ty Fisoram MiSs1on StoCenenit

lence that will lead the taticrh Lo
LLation ut Microcaravity as a Natlonal

MSITC Micraaravity Program Goals

AcComplisn a compgrefensive praogram 9f research
LAvestilgations 1n matarials sciscce ard Liophysics
to attain an dnderstanding of gravity dependent
RPRysical phencnena.

Exploit the full capabilities of the Space Shuttle
and Spacelab for accomplishing microgravity investi-—
gations.

Flay a leading role in the Planming ang utilization
of Space Station Fresdom a3 an nternaticnal facility

Capable of effectively SUPROrting mictragravity research

Lnvestigations andgd applications.

Establish 3 worla class Microgravity Science
Cperaticns Centoer at MSFC,

Expand the currert around Das=d pragram Lo suppart
the development of futui-z tlight apparatus and
facllities.

Serve as a focal point for stimulating Logustricl
interest and involvement in micragravity resaarch and
flight projects.
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MluFL MicrogravLlt, S an

Friorities

Accamplish Curraently assigred Program.

Continue vigarcus ground pased research program.
Establisn “Capability Devalopuent [1re 1isn tg
SUpEport nesded advanceadd development work for future

flight experiments and tacilities.

Adequately define and properly structure future flight
development projects.

FPursue additional Frincipal Investigator opportunities
for MSFC scientists.

Effectively 1nrluence 2pace Statign accomnnwgdations to
SUPPOrt microgravity inveztigaticns.

Flan and initiate acticns to evolve a Microgravity
Science Uperations Centor

- Ground Contral Experimnent Laboratory (GCEL)

— Microgravity Data Center, Daca Repooltary, and
Library

= Micraogravity Discipline Uperaticn Centar (DOC)
Continue suppcrt cf the Office of Comnmercial Frogram

activities, stinulate industrial interssc, andg SNcourage
pPrivate sector investments in Specific sSpace activities.
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Rccaompliso a SOMPreNeEnsive program of researcnh
1NvasStigations 1n wmaterials science armd bLophysics
to attain an understanding of gravity Jdependent
physical phencmena. :

A3 the Microaravity Frogram has evolved anug mutured, the focu
Of areas of scientific FEsSEarcn in rthe M3FC programn has
Sharpened. The current arcas ot FEScarch swmphasls at MSFC are
colncident within the Brarch lires with the Microgravity Science
and Applicaticns Division of the Space Science Laboratory.

t

(a) Electronic and Frotonic Matarials
(b) Chemistry and Folymeric Materials
(c) Biophysics

R Current area of research emphazlis 1n Electronics anda Protonic
Materials 1s the Crystal growtn and Characterization of type
II-vI Semiconducting materials witn application, +or elamplea,
&s infrared detectaors.

The area of chemistry anag polymeric materials has recalvead
increasing attention Of university and industris: Microqravity
SClentists, with the MSFC RPragram having a sidnificant interest
in organaic Crystals and thin films for non-=linsar opcical appli-
cations.

i

The primary enphasis in the Biophvsicy ares currently is frotein
Crystal Growth, which is belisved to have a high patential for
2arly commercial development.

NOTE: A comprehensive treatinent of MSFC' g MLCragravity
research activitiss 13 Contained in tre document,
Microgravity Res=zarzn at the Marshall Spusce Fligqnt
Center, publishea in Leceanber [9%0 by the Space
Scierce Laborateory. Tre arcas CT rasearch emprasis
noted above are not inclusive of all Current mLCro-
gravity research at MSFC.
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Exploit the full Capabilitics af the Space
Stuttle and Spuc=lad ro: ACCOMPL1ISHLNg wmlcSro-
gravity 1nvestigaticns.

MLFC 1s responsible for a program 3t mlcragravity tlighe
1Nvestlgations on Spaceiad MissSions. The United States
Micragravity Laboratory and the United Litatos MLCrogravity
Fallet mission series Currently bewng prepared tore rlignt are
gedicated to the wiceraaravity discipline. Microgravity ang
life sciences 1Nvestigations will be Accommodated on the
Internutional Microqravity Laburatory mission series.

Although the Space Shuttle is providing a nunber of tlight
opportunities. oppUrtunitics are less frequent and t - wnzpor-
tation costs to orbit +ar aroeater tharn envisionaa & 0 -ade ago.
The orbital enviromimenmt 13 not ewasily accessibic. ~ll gaperiment
flight hardware should e well desiagoed ang TharcuGhly rtesteg
betore flight. In thne past tre Mlorsgravity Frogran has
encountered scme difficulties resulting from overt-. optimistic
development plans for cample: exparliinents «ang facllities. ~
thorough project definition phase sihouwid precsae initiation ot
development, including building ard te&3ting ot broadbcard hard-
ware where new andg challenging instrument concepts are 1nvolved.
Development projects should e structured to includs an appro-—-
pPriata level af reserves for Turding, scheduie and enginsating
growth. The required cantingencies Jdepend on the Cuompls<i1ty ang
Sophistication of tne dJevelopnent effort.

The successful management of a Spacelab mission regulires an
efficient team effort betwesen the Mission Managers , Mission
Scientist and Chie+ Engineer. Successtul Mmanagement cf the
development of microgravity flight experiment tacility

requires a tzam effort between the Froject/Experiment Manager,
the Froject/Experiment Scientist and the Lsad Engineer. The
requirement for this team 2tfort is row well recognized at MSFC
and i3 functioning. Effective lnplementation requires continusd
sSupport by the organizaticns invaolved.
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Flay a leaaing role 1n the planning and utilization

of Space Station Freedom as an sntearnational facilicy
Capable of eftectivaly SLUEPArting microgravity research
investigations and applications.

The Space Station Fresdom will pravide the combimed featurss oOFf
hirah power levels, lang duratiorn on orbit and a Sallisractory
quality of microgravity envieonment to suppart wost investli-—
gations. Current MiCrodaravity eidperiments being flown on
ShuttlesSpacelab gensrally will o2 evolved to tly on the Spaca
Station.

Microgravity materials processing experlanents would appear to
te able to more @ffectively utilize the early period of Space
Station opgerations (prior to permanently manned gCCUupancy) than
biowedical investigations. To achieve efrective use of the
Space Station facility for M1IC 3gravity investigations guring
uncccupied periocds will reguire innovation in Eeiperlment
caoncepts. With the approval of tre reztructured Space Station
Frogram, it waula agpear timelv for MSFC to intensi+y studies
of microgravity payloads vor tie Space Station.

Furthermocre, MSSC has an important role to play for N&3& in
influencing the Space Staticn Fraedom GCCONNGCAL1IoONE +or
Mlicrogravity ressarch investigaticns and pavyioads.
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Goal 4

Establish a worlag class Microqravity Science
Operaticns Certer at MsSEC.

raticns nter 1s envisiorad as

The Microgravity Sciences ug I
J lem

c
being comprised of thrse maj

[ (e

fu

Ce
nts

(i1

(a) Groung Contral Eiperimenc Laparatory (OCEL:
(b) Microgravity Data Center and Library

(c) Microgravity Discipline Operations Certer (DOC)
for Space Station

The MSFC GCEL area should be upgraded and expanded. Its
primary purpcse is to Pravide the capability for providing
around control samples processed in tlight experiment hardware
or equivalent. Al30o these facilitics pRotentially could be used
+Or other test pragrams such as bLreadboarya testing. functicnal
testing., developtent testing, @to., ¢ well as fur crew
training.

MSFZ, particularly the “rogram Develapment lUrganiration andg
Space Sciences Laboratory., have accumulated sianitticant
Micragravity information and establisred data basas, including
publications by microgravity iNvestigators worla-wide. o is
suggested that tre FHISLLNG LAFGraMETION Be expganded 1nto a
Microgravity Data Center complementary to the Microaravity
Discipline Operaticns Certer (LOC) tor Space Stationm. Flight
data would be captured ang ultimately archived at the Data
Center.

The Space Station Discipline Operations Centers will be directly
linked to the Space Staticn Fayload Operaticns Integration
Center (FOIC) to be locatea at MSFC. MSFC 1s the rmatural and
obvious lccation for the Microgravity Discipline Uperations
Center for Space Station.
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E:ipand the current ground bDased Progran tg
suppart tne vevaelapment of future fligrc
apparatus and facilities.

This goal is necessary to fill a vcid in the currsnt micro-
gravity program. Specifically, a “Capability Deve.opmnent”
Program addition is recommended. The "Capability Develogmnent”
terminology is adopted from previous usage in (0JS34. It is
aimed at Providing a foundation for development of future

flight experiments and facilities.

The 0SSA Microgravity Frogram is perceived to have a solid
research foundation based on implemertation of peer reczived
research proposals from the scientific COmMuUNity. The over-all
program, however, has had serious funding impacts from “gQver-—
running” flight projects. What has been sacrificed is advanced
development work to Support future flight pProjects. NASA should
retain a certain initiative Capagility %o supplement the program
foundations emerging from the peer roview process. It 1s recom--
menaed that MSFC, along with other Centers invalved in
mMicrogravity projects, take a pra=active rale in stimulating
USSA to establisnh a "Capapility Levalopment” 2iemen~ to :the
Microgravity FPrograin. E::amples of Capabiiity development
ini1tiatives and arcas trat are perceivea :o be necdged incluge
the fallowing:

(a) High temperature furnaces (ampoulie design,
quenching systems, variabdle temperature gradi-
ents, multiple samples)

(b) Contactless temperature maasuremnent technigues

(2) High rate, high resclution video systems
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Goal &

Saerve as a focal pcint vor sStimulating rndustrial
interest and involvement in microgravity research
arnad +flight projects.

The comnmercial Component of N&3SA's Micragravity Frogram has also
@volved and matured. Early work in the commercial saector arca
was pioneerad at MSFC dating back to the 1973. & commercial
out-reach program was implemented to acguaint tne industrial
community with the potential attributes of the space processing
of certain materials. A number of Joint Endeavor Agreements
and Technical Exchange Agreements relating to microgravity
initiatives were signad with industry. An Office of Cammercial
Frograms (OCP) was e@stablished in 1934 by NASA Headguarters.
The Office of Commercial Frograms now implements i1ts program
through the Centers for Commercial Development of Space (CCDS).
The CCDS bring together industry, universities and goverrment
research interests in a Synergaetic anvir-onment. =iz of the
Current 16 CCDS are dedicatad teo microgravity. Several of the
other CCDS are also invelved in micregravity crojects. Mi:ro-
gravity materials Processing is highly signifrcant te NASKR' 5
Commercial Fraogram.

The MSFC Frogram Develagrmant Direcisrate has Lliaved a significant
role in supporting and Implementing OCF activities. It appears
that a relatively high percentage of Space Station expariments
will come from the commercial sector, with a majority of such
experiment payloads emphasizing Microgravity research. MSFC
should continue to provide sUupport to the Office of Commercial
activities.
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ATTACHMENT 6

The MSFC Microgravity

Strategic Plan

Prepared by
The Center for Space and Advanced Technology
In Fulfillment of Contract NAS 8-38669

15 April 1991



Preface

The current MSFC Microgravity Program evolved from innovative thinking and
planning done at MSFC in the late 1960's. These early visions by MSFC led
directly to the establishment of the NASA Materials Processing in Spacs
Program. Program focus in early years was strongly toward applications.
specifically aimed at producing unique products on orbit.

Early flight experiments indicated that effects goveming processes in low gravity
are often subtle and easily overlooked. This led NASA to establish an expanded
groundbased program including research aimed at more thoroughly
characterizing specific processes in an Earth gravity environment to guide the
course of future investigations in space. The current NASA Microgravity
Program has emerged from an early period of general concept studies and a few
simple demonstration experiments in space to a maturing area of space science
involving a variety of flight research investigations.

To date approximately 30 individual microgravity scientific payloads managed by
MSFC have been flown on Shuttle/Spacelab missions. These payloads have
involved a spectrum of instrument sizes and complexites from simple hand held
experiment apparatus to major microgravity processing faciliies. In addidon,
MSFC has had a direct involvement in 20 commercial microgravity payloads
flown on the Shuttle. A vigorous development program of future microgravity
experiments is underway at MSFC, leading the way forward to the Space Station
era.

MSFC provided the pioneering role in NASA microgravity research and flight
investigations in early years of the program. MSFC will continue to play a
leading role in future NASA microgravity activities, both in the area of scientific
research and flight experiment development, as well as supporting initatives of
the commercial sector.



Develop a Center of Excellence that will lead the Nation in the
Development and Exploitation of Microgravity as a National
Resource.

MSFC Microgravity Program Goals

Goal 1.  Accomplish a comprehensive program of research
investigarions in materials science and biophysics to attain
an understanding of gravity dependent physical phenomena.

Goal 2. Continue an active program of development of microgravity
flight experiments and multi-user processing facilites.

Goal 3.  Exploit the full capabilides of the Space Shuttle, Spacelab,
and Space Station Freedom and effectively utilize available
commercial carriers and free flyer opportunities for
microgravity flight investigations.

Goal 4. Establish a preeminent Microgravity Development Complex
at MSFC, including (a) Ground Control Experiment Laboratory
(GCEL), (b) Microgravity Data Center and Library, and
(c) Microgravity Discipline Operations Center.
Goal Serve as a focal point for stimulating industrial interest
and involvement in microgravity research and flight
projects.
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Goal 1l

Accomplish a comprehensive program of research investigations in
materials science and biophysics to artain an understanding of gravity
dependent physical phenomena.

As the Microgravity Program has evolved and matured, the focus of areas of
sciendfic research in the MSFC program has sharpened and is directed to specific
ground based and flight research investigations. Research emphasis in the
Electronics and Photonic Materials area is the crystal growth and characterization
of type II-VI semiconducting materials with application, for example, as infrared
detectors.

The area of Chemistry and Polymeric Materials is recognized as an increasingly
important area of interest for university and industrial microgravity scientists.
The MSFC program will continue to develop and provide necessary critical
expertise in Organic Crystal Growth and thin films for non-linear optical
applications.

MSFC will continue to lead and expand its emphasis in the Biophysics area of
Protein Crystal Growth, which has high potential leading to early development of
products of great interest to biomedical researchers and pharmaceutical
companies.

Diligent efforts will continue to be made to enable the selection of MSFC
scientists for Principal Investigator roles for the Microgravity Flight Program
and for groundbased research investigations. MSFC scientists will continue and
enhance their excellent record of microgravity research publications. Retention
and recruitment of highly qualified microgravity scientific talent will receive
high prionty.



Goal 2

Continue an active program of development of microgravity flight
experiments and multi-user processing facilities.

The future microgravity flight program will be based on the foundation being
laid by the ground based programs. The orbital flight program will be one of an
orderly progression, typically evolving from laboratory research; to experiments
in drop facilities, KC-135 aircraft flights, or sounding rocket flights; to
experiments on-orbit. Orbital experiments may also follow a progression, e.g..
from glovebox experiments, to more elaborate demonstration experiments, to
multi-user processing apparatus.

A "Capability Development"” budget item will be requested in support of
microgravity flight project activities. This will assure that the necessary
technology is available for supporting future flight programs.

Thorough project definitdon phases will precede inination of design and
development. The building and testing of breadboard hardware will be
emphasized where new and challenging instrument concepts are involved.
Development projects will be structured to include an appropriate level of
reserves for funding, schedule and engineering growth.



Goal 3

Exploit the full capabilities of the Space Shuttle, Spacelab, and Space
Station Freedom and effectively utilize available commercial carriers
and free flyer opportunities for microgravity flight investigations.

The Space Transportation System (STS) is providing a number of flight
opportunities, however, access to space is less frequent and transportation costs
are far greater than envisioned a decade ago. MSFC is dedicated to continue a
quest to identify and design new carrier systems to improve access to space while
fully utilizing all current systems such as Shuule, Spacelab and Space Station
Freedom. The goal of MSFC is to provide such capabilities very effectively and
timely while maintaining a strong awareness to safety and mission success. New
carrier systems sponsored by the commercial sector will be evaluated and utilized
fully to meet the Microgravity Program goals and expectations.

MSFC will take a lead role in providing overall management and integration
support to the Office of Space Science and Applications (OSSA) in the area of
Space Station Science Utilization Management. The evolutionary development of
investigator driven multi-user, facility class hardware for micrograviry
experiments for Spacelab, Spacelab transition and Space Station will be
vigorously pursued.



Goal 4

Establish a preeminent Microgravity Development Complex

(A) Ground Contro]l Experiment Laboratory (GCEL)

The MSFC GCEL area will be upgraded and expanded. Its primary purpose will
be to provide ground control samples processed in flight experiment hardware or
equivalent. Also, the GCEL facilites will be used for other test programs such as
breadboard testing, functional testing, development testing, etc., as well as for
crew training.

(B) Microgravitv Data Center and Librarv

The Microgravity Program has accumulated significant microgravity information
and established databases worldwide. Such informaton will be gathered,
catalogued and made available in a Microgravity Data Center, complementary to
the Microgravity Discipline Operations center (DOC) for Space Station. Flight
data will also be archived at the Data Center.

(C) Microgravity Discipline Operations Center

A Space Station Microgravity Discipline Operations Center will be developed at
MSFC and directly linked to the Space Station Payload Operations Integration
Center (POIC) also located at MSFC. This Microgravity Discipline Operations
Center for Space Station will direct all microgravity science operations on Space
Station.



Goal 5

Serve as a focal point for stimulating industrial interest and
involvement in microgravity research and flight projects

The commercial component of NASA's Microgravity Program is continuing to
evolve and grow with significant expectadons. In support of the Office of
Commercial Program and utilizing the established Centers for Commercial
Development of Space, MSFC will bring together industry, universities and
government research interests in a synergistic environment to promote new
products, processes and materials for the private sector.

MSFC will continue to play a leading role in stimulating and facilitating
commercial microgravity projects while maintaining a strong sensitivity to the
commercial industry’s need for quick and easy access to space.
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